Introduction: The 2-year Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER) multidomain lifestyle intervention trial (NCT01041989) demonstrated beneficial effects on cognition. We investigated whether sociodemographics, socioeconomic status, baseline cognition, or cardiovascular factors influenced intervention effects on cognition. Methods: The FINGER recruited 1260 people from the general Finnish population (60-77 years, at risk for dementia). Participants were randomized 1:1 to multidomain intervention (diet, exercise, cognition, and vascular risk management) and regular health advice. Primary outcome was change in cognition (Neuropsychological Test Battery z-score). Prespecified analyses to investigate whether participants' characteristics modified response to intervention were carried out using mixed-model repeated-measures analyses.
Introduction
Alzheimer's disease (AD) and dementia are a global public health priority [1] , and prevention has been highlighted as a pivotal component to reduce the burden of AD and dementia [2, 3] . It has been estimated that up to a third of all AD cases can be attributed to common modifiable risk factors, including midlife hypertension and obesity, low educational level, diabetes, low physical activity, depression, and smoking [4] , and a reduction of these risk factors would have a significant impact on the disease prevalence [4] . The current generation of randomized controlled prevention trials recognizes this multifactorial nature of AD and dementia and focuses thus on multidomain interventions. Targeting several risk factors of AD and dementia simultaneously will likely lead to better preventive effects [2, 5] . Recently, several large multidomain lifestyle-based trials aiming to prevent cognitive decline and dementia have been initiated [5] [6] [7] [8] [9] , and some have already been completed [10] [11] [12] [13] [14] . The Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER) is the first large, long-term randomized controlled trial demonstrating that a multidomain lifestyle intervention consisting of nutritional guidance, exercise, cognitive training, and management of vascular risk factors has beneficial effects on cognition [10] .
As recently emphasized by The Lancet Neurology Commission, immediate actions in dementia prevention need to be taken and up-to-date research knowledge as well as effective prevention programs must be put into practice promptly [2] . To facilitate the effective and feasible implementation of successful prevention programs, such as the FINGER trial, into clinical practice, it is of great importance to identify individuals most likely to benefit from the interventions and potentially tailor the interventions to different target populations with different characteristics [2, 5] . However, considering the limited number of completed, large long-term dementia prevention trials, it is largely unknown, whether certain subgroups of trial participants are more or less prone to benefit from these types of interventions. The FINGER trial provides the first opportunity to explore whether the positive response to a multidomain lifestyle intervention is modified by characteristics of the trial participants. In this study, prespecified subgroup analyses were carried out to investigate specifically whether participants' sociodemographic characteristics, socioeconomic status, cognitive performance, and level of cardiovascular risk at baseline influenced the intervention effects on cognition.
Methods

Trial design and participants
FINGER is a 24-month multicenter randomized controlled trial (ClinicalTrials.gov identifier NCT01041989), which was completed in February 2014. The FINGER trial included 1260 individuals aged 60-77 years. Participants were screened from Finnish observational population-based studies and had a CAIDE
Q3
Dementia Risk Score [15] of 6, indicating increased risk for dementia later in life. In addition, participants were required to meet at least one of the following criteria: Consortium to Establish a Registry for Alzheimer's Disease (CERAD) [16] , word list memory task result 19 words (maximum score 30), CERAD word list recall 75% (maximum 100%), or Mini-Mental State Examination (MMSE) [17] score of 20-26 (maximum score 30). These selection criteria identified cognitively healthy older individuals whose cognitive abilities were at the mean level or slightly lower than expected based on age [18] . Exclusion criteria included diagnosed dementia, suspected dementia at screening visit, conditions affecting participation in the intervention including impaired vision, hearing or ability to communicate, other conditions as judged by the physician, and participation in another trial. The design of the trial and selection of trial participants have been described in detail elsewhere [19, 20] .
Trial protocol
Participants were randomized in a 1:1 ratio into the multidomain lifestyle intervention group or the control group receiving general health advice. Informed consent was obtained from all participants. To maintain double-blinding as much as possible, the randomization status was not disclosed to participants, participants were instructed not to discuss the intervention with each other, and the outcome evaluators were blinded. Both the intervention and the control group participants visited the study nurse at the screening and baseline visits and at 6, 12, and 24 months. In addition, all participants met the study physician at the screening visit and at 24 months. At baseline, both groups received information and advice on healthy diet and activities that support management of vascular risk factors. During the trial, the intervention group engaged additionally in a multidomain lifestyle intervention program focusing on four components: nutrition, exercise, cognitive training, and management of vascular risk factors. Nutritional guidance was based on the national recommendations [21] , and it was given by nutritionists both individually and in groups. The exercise program was based on international guidelines [22] and previous studies [23] . It involved muscle strength training and aerobic exercise, and it was led by physiotherapists. Cognitive training was based on protocols of previous trials [24] and targeted executive function, working memory, episodic memory, as well as mental speed. It consisted of group discussions and individual computer-based training sessions. For the management of vascular risk factors, national guidelines for hypertension [25] , dyslipidemia [26] , and diabetes [27] were followed. Participants in the intervention group met the nurse at 3, 9, and 18 months and the physician at 3, 6, and 12 months for measurements and further advice. Medications were not prescribed within the scope of this trial; however, participants were urged to seek medical attention if necessary. The detailed trial procedures have been described elsewhere [20] .
Cognitive outcomes
Primary outcome of the trial was change in overall cognitive performance measured with a total score of an extended version of the Neuropsychological Test Battery (NTB) [28] . The NTB total score represents a composite score consisting of results from 14 cognitive tests (see below). Test results were calculated as standardized z-scores with higher scores demonstrating better performance. Secondary cognitive outcomes included domain-specific NTB z-scores for executive functioning, processing speed, and memory. 
Baseline measurements
Baseline characteristics of the trial participants investigated as modifiers of intervention efficacy included sociodemographic characteristics (age, sex, and years of education), socioeconomic status (annual gross household income), cognitive performance (MMSE score), cardiovascular risk factors (systolic and diastolic blood pressure, body mass index (BMI), total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol (HDL-C), fasting plasma glucose concentrations), overall cardiovascular risk, and presence of cardiovascular comorbidity. At baseline, information about participants' age and sex was obtained from registers, whereas the number of years of formal education and annual gross household income were self-reported data. Annual gross household income was an ordinal variable with nine categories: 0-10,000 V; 10,001-20,000 V; 20,001-30,000 V; 30,001-40,000 V; 40,001-50,000 V; 50,001-60,000 V; 60,001-70,000 V; 70,001-80,000 V; and .80,000 V. MMSE was performed by study nurses at the screening visit. Participants' height and weight as well as systolic and diastolic blood pressure were measured by the nurse at the baseline visit. BMI was calculated by dividing the weight in kilograms by the squared height in meters. Blood pressure was measured with a validated automatic device (Microlife WatchBP Office) twice in a sitting position using the right arm. Mean value of two measurements was calculated. The separated serum and plasma samples were frozen and sent to the laboratory of the National Institute for Health and Welfare in Finland where serum cholesterol and plasma glucose concentrations were determined enzymatically using commercial reagents from Abbott Laboratories on a clinical chemistry analyzer, Architect c8000 (Abbott Laboratories, Abbott Park, IL, USA).
Information about the presence of cardiovascular comorbidity was based on self-reported data collected by study physician at the screening visit, and it was defined as having at least one of the following: history of stroke, history of myocardial infarction, or diagnosis of any type of diabetes. An overall cardiovascular risk was calculated for the participants using the widely used FINRISK cardiovascular risk score developed for the Finnish population, including age, sex, serum total cholesterol, systolic blood pressure, HDL-C, smoking status, diabetes, and family history of infarction/stroke [29, 30] . Family history was not taken into account, as this information was not available for the participants. Each participant's overall cardiovascular risk score was divided by the overall cardiovascular risk score calculated for a sex-and age-matched person without any cardiovascular risk factors, as defined by Vartiainen et al.
(serum cholesterol 4.5 mmol/l, systolic blood pressure 120 mmHg, HDL-C 1.32 mmol/, nonsmoker, no diabetes) [29, 30] .
Statistical analysis
Zero-skewness log-transformation was applied to all skewed NTB components, and z-scores for each test at each time point were standardized to the baseline mean and standard deviation. NTB total score and the domainspecific z-scores for executive functioning, processing speed, and memory were calculated by averaging z-scores of individual tests. To calculate the NTB total score, a minimum of 8/14 NTB components were required: at least 3/5 test scores for executive functioning, 3/6 test scores for 244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310   311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341  342  343  344  345  346  347  348  349  350  351  352  353  354  355  356  357  358  359  360  361  362  363  364  365  366  367  368  369  370  371  372  373  374  375 [31] . In this study, P values for the coefficients for the group ! time ! characteristic interactions are reported as the main result. In addition, estimates for the difference between intervention and control groups (95% confidence interval) per year within each subgroup are presented. To determine these subgroup estimates for continuous variables, the variables were dichotomized based on median values, and a model with group ! time ! dichotomous variable with lincom postestimation command after xtmixed was used. Results are reported for the modified intention-totreat (mITT) population (all randomized participants with at least one outcome assessment after the baseline visit). Sensitivity analyses were performed for the intention-to-treat (ITT) population (all randomized participants). Stata 14 software was used for all analyses, and the level of statistical significance was set at ,.05. All analyses were prespecified [20] and adjusted for study site.
Results
Of the 2654 screened individuals, 1260 were randomized into the intervention group (n 5 631) or the control group (n 5 629). The 12-and 24-month assessments were completed by 93% and 88% of all randomized participants, respectively. In total, 1190 participants (94%) completed at least one assessment after the baseline visit (mITT population). 153 individuals dropped out during the trial. The mean age of the participants was 69.3 years, and 46.3% of them were women. On average, the participants had 10.0 years of education, and median income was 30,000 V. As expected based on the inclusion criteria, participants had an elevated risk for cardiovascular disease (CVD) and dementia. There were no significant differences between the intervention and control groups in the participants' characteristics at baseline ( Table 1) .
The previously published main results of the FINGER trial showed that the intervention had a significant beneficial effect on the primary cognitive outcome (change in NTB total score) (P 5 .030), as well as on most secondary cognitive outcomes, including executive functioning (P 5 .039) and processing speed (P 5 .029) [10] . Fig. 1 shows that the intervention effects on the primary cognitive outcome do not vary by sociodemographic factors (age, sex, and education), socioeconomic status (household income), or baseline cognitive performance (MMSE score) (P-values for interaction . .05). Furthermore, neither the individual cardiovascular risk factors (blood pressure, BMI, cholesterol levels, and plasma glucose concentration) nor the overall cardiovascular risk modify the response to the intervention (P values for interaction . .05, Fig. 1 ). Beneficial intervention effects on the primary cognitive outcome were also observed regardless of the presence of cardiovascular comorbidity, defined as having history of either stroke, myocardial infarction, or diabetes (P value for interaction 5 .63, Fig. 1 Table A. 2). None of the participants' characteristics influenced the intervention effects on executive functioning, processing speed, or memory (P values for interaction . .05), apart from diastolic blood pressure that seemed to modify the intervention effects on processing speed so that the effect was more pronounced among those with lower diastolic blood pressure (P 5 .03) (Supplementary Table A. 2).
Discussion
The aim of this study was to investigate whether sociodemographic characteristics, socioeconomic status, cognitive performance, or level of cardiovascular risk at baseline modify the effects of a multidomain lifestyle intervention on cognition in the FINGER trial. Results suggest that the previously reported beneficial intervention effects on cognition [10] do not seem to vary by age, sex, cognitive performance, level of education, household income, cardiovascular risk factors, or presence of cardiovascular comorbidity. Thus, the applicability of the FINGER intervention is not significantly limited by any of the abovementioned factors in an elderly general Finnish population at increased risk for CVD and dementia.
The choice of an at-risk target population for the FINGER trial might have accounted for the observed overall beneficial intervention effects on cognitive outcomes. Selection of the trial population was based on the CAIDE Dementia Risk Score [15] and CERAD [16] neuropsychological testing. These criteria selected older people from the general Finnish population with several risk factors common for CVD and dementia and cognitive performance at the mean level or slightly lower than expected for this age group [15, 18] . Findings of this study suggest that no further stratification of this at-risk population is necessary to obtain beneficial intervention effects, which in turn indicates that the selection of the target population for the FINGER trial has been successful.
Contrary to the FINGER trial, the other two large longterm multidomain lifestyle-based dementia prevention trials completed so far did not specifically select a population at high risk for CVD and dementia. The Prevention of Dementia by Intensive Vascular Care trial recruited an unselected group of older people from general practices [11] , whereas the Multidomain Alzheimer Preventive Trial targeted older individuals who were either frail or experienced subjective memory complaints [14] . Disappointingly, both trials failed to demonstrate a positive effect for the intervention: differences in neither incidence of dementia nor cognitive performance were observed between intervention and control groups [11, 14] . However, post hoc analyses carried out in both trials revealed beneficial intervention effects in certain high-risk subgroups. In the Prevention of Dementia by Intensive Vascular Care trial, the intensive vascular care seemed to benefit particularly participants with untreated hypertension [11] . Similarly, the combination of multidomain lifestyle intervention and omega-3 polyunsaturated fatty acid supplementation administered in the Multidomain Alzheimer Preventive Trial had potentially positive effects on cognition among participants with a CAIDE Dementia Risk Score 6, indicating an elevated risk for CVD and dementia [14] . These findings indicate that cardiovascular risk burden is a potential effect modifier in multidomain lifestyle dementia prevention trials. Lifestyle-based prevention trials of other common chronic diseases, such as diabetes, further support the concept of selecting an at-risk population for prevention trials. In the Finnish Diabetes Prevention Study, the intervention seemed to be most effective among participants with a high Finnish Diabetes Risk Score [32] . Furthermore, results of the Diabetes Prevention Program conducted in the USA showed that the absolute risk reduction in diabetes was greater for high-risk participants compared with low-risk participants in the intervention group, even if there was no significant difference in the relative risk reduction [33] . Taken together, these findings and the results of this study support the notion that targeting at-risk individuals might be the optimal strategy for interventions aiming to prevent or postpone cognitive impairment and dementia. However, at the same time, considering the experiences from CVD prevention [34] [35] [36] , a population-based strategy to change risk factor levels might have greatest impact on public health.
The strengths of the FINGER trial include the large sample size, longer duration than in most dementia Abbreviations: CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; mITT, modified intention-to-treat; MMSE, Mini-Mental State Examination; NTB, Neuropsychological Test Battery; SD, standard deviation.
NOTE. Data are n (%), mean (SD), or median [range]. Baseline characteristics are shown for the mITT population (participants with at least one outcome assessment after the baseline visit). Overall cardiovascular risk is based on the FINRISK score and represents the risk of developing CVD compared to a person with the same age and sex but low risk. Presence of cardiovascular comorbidity is defined as having at least one of the following: history of stroke, history of myocardial infarction, or diabetes. 513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532  533  534  535  536  537  538  539  540  541  542  543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577  578   579  580  581  582  583  584  585  586  587  588  589  590  591  592  593  594 prevention trials, thorough randomization and blinding, detailed outcome assessments, and high-quality data collection. All variables investigated in this study as potential modifiers of intervention efficacy were available for more than 95% of the participants. All subgroup analyses conducted in this study were also prespecified [20] .
The main limitation of this study is lack of statistical power, which is why the results should be interpreted with caution. The false negative rate for tests of subgroup-treatment effect interactions is often high, as only few trials are powered to detect subgroup effects reliably [31] . Furthermore, the subgroups investigated here are not independent. Thus, an impact of the participant's characteristics on the intervention effects cannot be fully excluded; however, it is likely that any clinically relevant heterogeneity of treatment effect would have been detected. As subgroup analyses often falsely suggest lack of treatment effect in certain subgroups when the trial shows overall benefit [31] , the consistency of positive intervention effect across subgroups (positive estimates for difference between intervention and control groups, even if sometimes nonsignificant) observed in this study supports the notion that lack of statistical power has not significantly distorted the results. The fact that P values for subgroup-treatment interactions were statistically nonsignificant but significant estimates for difference between intervention and control groups were observed in some subgroups might suggest that while the intervention benefits a large elderly population, certain subgroups of people might be particularly responsive. This conclusion is in line with the initial hypothesis that people at highest risk for cognitive decline and dementia based on higher age, lower MMSE, and presence of vascular risk factors are likely to benefit most from the FINGER intervention [15] . Although the results of this study may seem contradictory for some vascular risk factors (significant estimates were observed, e.g., participants with higher systolic blood pressure and cholesterol but lower BMI and diastolic blood pressure), they might actually support this assumption, since the strength and Influence of sociodemographic factors, socioeconomic status, cognitive performance, and cardiovascular factors on intervention effects on the primary cognitive outcome (change in NTB total score). *P values are shown for interactions where baseline characteristics are continuous variables (except for sex, household income, and presence of cardiovascular comorbidity). Mixed-model repeated-measures analyses were used to investigate whether the baseline characteristics of the participants influenced intervention effects on cognitive performance (group ! time ! characteristic interactions). Nonsignificant P values for interaction (P . .05) indicate that the intervention effects on cognition do not vary by baseline characteristics. Characteristics were either dichotomous (sex, presence of cardiovascular comorbidity, and annual household income that was dichotomized based on median value) or continuous variables (age, education, MMSE, cardiovascular risk factors, and overall cardiovascular risk). To determine estimates for the difference between intervention and control groups per year within each subgroup, the continuous variables were dichotomized based on median values and mixed-models repeated-measures analyses were performed (group ! time ! dichotomous variable). A positive value of the estimate for the difference between intervention and control groups indicates that the effect is in favor of the intervention group. Data are based on all participants with at least one postbaseline measurement (mITT population). Overall cardiovascular risk is based on the FINRISK score and represents the risk of developing CVD compared to a person with the same age and sex but low risk. Presence of cardiovascular comorbidity is defined as having at least one of the following: history of stroke, history of myocardial infarction, or diabetes. Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; mITT, modified intention-to-treat; MMSE, Mini-Mental State Examination; NTB, Neuropsychological Test Battery.
direction of association of several vascular and metabolic risk factors with increased risk of cognitive decline and dementia has been shown to vary across the lifespan [2] . However, this should be explored further in larger trials and meta-analyses to ensure sufficient statistical power. The extended FINGER follow-up trial will provide additional information on the long-term effects of the intervention. It will also facilitate further analyses of responsiveness to the intervention by various participants' characteristics. However, there is an immediate need to put effective interventions and prevention programs into practice [2] . In addition to being safe, well tolerated, and feasible as previously shown [10] , the present study demonstrates that the applicability of the FINGER intervention does not seem to be limited by age, sex, education, socioeconomic status, cognitive performance, or level of cardiovascular risk. Moreover, it is encouraging that not only older people with vascular risk factors but also those with history of CVD are likely to benefit from the multidomain lifestyle intervention. Considering that in terms of cardiovascular/dementia risk profile, the FINGER trial population is a fairly representative sample of the general elderly Finnish population [19] , these results further underline the feasibility of the FINGER intervention and support its implementation in clinical practice.
